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Abstract 
This paper discusses issues related to the analysis of manufacturing processes using multimodal approach.  The author has identified a 
deficiency gap in the standard languages for modeling production and manufacturing processes, justifying the need for multimodal approach. 
Multimodal processes in the supply chain (production phase) in the automotive industry are identified. The paper presents results of research 
performed recently in the area of manufacturing process design, modeling and simulation. The definition of process modeling and simulation is 
presented taking into account effects of the time variable (static and dynamic). Standard languages and an approach to selection of the most 
suitable one to model manufacturing process are described. This analysis is based on research performed both generally in Europe and locally 
in Poland. The multimodal approach as a new modeling and simulation paradigm is outlined. An illustrative case study from automotive 
industry is discussed. 
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1. Introduction 
The paper presents the results of research performed over 
the last few years in the area of manufacturing process design, 
modeling and simulation. A deficiency gap in the standard 
languages for modeling production and manufacturing 
processes was identified. This gap concerns the thinking about 
manufacturing process modeling as multilevel approach using 
the multimodal process concept. The proposed definition of 
multimodal process has its origins in the definition of 
multimodal transport and network. The author extends this 
thinking to manufacturing process, the highlight of the work 
presented is the definition of requirements for modeling 
manufacturing processes using multimodal approach. Based 
on the analysis concerning multimodality, the main features of 
it are also defined.   
The major objectives of the present paper are: 
x  to define the requirements that should be met by modeling 
and simulation tools used for practical modeling and 
designing manufacturing processes using multimodal 
approach, 
x to make an attempt to select such a tool and show its 
applications. 
The paper structure is as follows. Section 2 introduces the 
definition of process modeling and simulation taking into 
consideration effects of time – in both static and dynamic 
aspects. Section 3 describes standard languages and selection 
of the most suitable one to model manufacturing process. This 
analysis is based on recent research from Europe (generally) 
and Poland. Section 4 introduces the multimodal approach as a 
new modeling and simulation paradigm. The case study from 
automotive industry is the discussed in section 5. The final 
conclusions are stated in section 6. 
2. Process Modeling 
The idea of process modeling is to construct a model, i.e., 
create a formal representation of a process that can subjected 
to a thorough analysis (evaluating coherence, simulating 
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action, estimating costs, etc.) [1], [2]. To perform this task, 
modeling languages are used. In the present work, an 
assumption has been made that a map of a process is its 
model; therefore the terms modeling and mapping of a process 
are synonymous and used interchangeably. Yet, it should be 
noted that usually a map is considered as model of a real 
existing process. 
Modeling languages can be both graphical and/or textual. 
Most formalisms for modeling production systems are 
graphic-based (visual). Frequently, a concise graphical symbol 
is more comprehensible and meaningful than a long text 
equivalent. The historical foundations of modeling formalism 
were developed in the USA [3], and they resulted in the 
creation of the family of IDEF methods. Until now, over 70 
modeling languages have been developed. However, this large 
variety makes language selection process difficult.  
With use of languages for business process modeling, it is 
possible to model either the whole process or only a certain 
part of it. Appropriate tools enable efficient design of systems 
and processes. What is more, the created maps can be also 
used in the course of constructing technical architecture that 
supports processes.  
The presentation of processes in the form of a map 
inherently reflects the steady-state (e.g., static behavior) of a 
process. The process design and analysis activities should be 
coherent and include the following steps: 
x modeling (mapping), 
x simulation, 
x analysis, 
x optimization. 
In each step, as well as between them, there may occur a 
retain and a repeated implementation of a step (Fig. 1) 
depending on the partial effects attained in each particular 
step. From this perspective, modeling (mapping) is considered 
as the first step, as an element of a wider strategy aiming at 
finding an optimum solution. Modeling (mapping) is a part of 
the steady-state analysis of a process: the time and dynamics 
of changes in a process are not taken into consideration. 
Simulation provides an opportunity for a dynamic analysis, as 
it takes the time into account and makes it possible to observe 
changes over time. 
 
 
Fig. 1. The place of simulation in the process analysis and borders of static 
and dynamic analysis of processes 
3. Standard Languages 
There exist a few dozen languages for process modeling. In 
the period from 2002 – 2006, within the EU Sixth Framework 
Program, a project was implemented whose objective was to 
compare the languages for process modeling [4]. Seventy 
languages were selected for the comparison:  ADELE-
TEMPO, ALF, AMBER, APPEL, APPL/A, ARIS, 
Articulator, BAM, BPEL4WS, BPML, Chou-UML, 
CIMOSA, Converstion Builder, CSP, CSPL, E3, EAI, 
ebXML, EDOC, EEML, ENVI12204, EPC, EPOS, EVPL, 
FUNSOFT, GEM, GRAI, GRAPPLE, Hakoniwa, HFSP, 
IDEF, IEM, ITM, JIL, LATIN, LOTOS, LSPL, MARVEL, 
Melmac, Merlin, MVP-L, OIKOS, OORAM, PADM, 
PEACE+, Petri Net, PMDB+, Process Weaver, Promenade, 
PSL, RAD, REA, Rosetta Net, SDL, SLANG, Socca, 
SPADE, SPELL, SPM, STATEMENT, System Dynamics, 
TEMPO, UEML, UML, UML2, UPM, Woflan, WPDL, 
XPDL, YAWL. In overview defined 18 criteria: formality, 
expressiveness-information, expressiveness-actors, 
expressiveness-dynamics, expressiveness-process, 
expressiveness-real time,  graphical, textual, abstraction and 
modularization, extendibility, executability, analyzability, 
evolutionability, multiple conceptual perspectives/views, 
computer support, availability, maintainability, 
standardization. 
Based on these criteria the comparative analysis of all 70 
languages was made and IDEF0 was identified as the best 
language. However, reviewers suggested making a more 
detailed comparison between IDEF0 and UML (Unified 
Modeling Language); therefore, an additional assessment of 
the two languages was made [5]. It should be emphasized that 
UML is acknowledged by IT experts and it is considered a 
standard tool for designing IT systems. Yet, IDEF0 was 
identified as the best choice due to its user-friendliness in 
terms of constructing and comprehending a model. Authors of 
the report [5] concluded that the UML is definitely not the 
best choice unless software development is the main 
objective. The full definition of IDEF0 is provided by the 
standard [6]. One of its features is the capability of 
hierarchical absorption and decomposition depending on the 
point of view [7] (see Fig. 2). 
 
 
Fig. 2. Hierarchical decomposition in IDEF0. Source: [6] 
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The capability of hierarchical absorption in IDEF0 may be 
aligned  [8] with the complexity of production units, 
expressed by their classification. 
In Poland, an Internet service [9] published a report titled 
“Process maturity of Polish enterprises.” The report presents a 
summary of 480 responses to a survey of representatives of 
various organizations and branches of business performing 
different functions in organizations, both dealing with process 
management or not related to it. This was a first report of its 
kind in Poland. The data were collected in the period from 
October 2009 to January 2010, and the report was published 
at the beginning of April 2010. The data collected in the 
course of this study were analyzed considering the following 
issues: 
x subjective evaluation of process maturity, 
x process ownership, 
x process management vs. organization management, 
x relation between IT and process management, 
x standards and tools used for process management, 
x process management vs. communication. 
Included in the report, among numerous findings and 
conclusions was the analysis of the applied standards and 
tools. Figure 3 shows a summary of notations used for process 
mapping. 
 
 
Fig. 3. Notations used in the process mapping Source:[9]  
The presented results prove that the most frequently used 
notation is BPMN standard (30.6%). The relatively high use 
of SwimLane (15.6%) and UML (8.1%) was a rather 
surprising fact. 
BPMN (Business Process Modeling Notation) is a 
graphical standard of modeling descriptions directed at  
business processes and a standard describing Web services. It 
is a notation that assumes meeting the following system 
requirements [10]: 
x assuring efficient management of changes in the course of 
modeling and designing IT systems, 
x modeling business processes of various complexity levels, 
x modeling the exchange of information in Web services, 
x supporting the generation of executable programming 
languages BPEL (Business Process Execution Languages) 
owing to full formalization, 
x providing a standard for modeling business processes and 
elements of web services, 
x reducing the implementation costs of new solutions by 
means of integrating the existing IT solutions. 
UML (Unified Modeling Language) is a method used 
mostly for planning IT systems. It operates several diagrams 
showing a business process from different perspectives, 
depending on an observer. Currently Object Management 
Group (OMG) [11] oversees its development. In Poland, the 
Internet service designed for those interested in this standard 
is the website [12]. 
The analysis of the presented findings and the description 
of the used notations show that the results attained for the 
Polish organizations do not correspond with the results of the 
European project discussed above. The popularity of BPMN 
and UML in Poland probably stems from the fact they are 
used by certified IT experts. According to the authors of the 
Polish report, the fact that works connected with processes 
result from projects aimed at implementing IT systems is an  
issue of concern. The (manufacturing) processes are described 
by IT system consultants and, consequently, the 
documentation is prepared with use of the notation and tools 
they are most familiar with. It should be emphasized that the 
simple notation SwimLane is a part of both the notations in 
BPMN and UML. The European report states clearly that 
UML is most suitable only when software development is the 
primary aim [5]. 
The situation described above is summarized in Fig 4. The 
conclusion is that existing modeling languages do not are not 
equivalent with simulation software available on the market. 
 
 
Fig. 4. List of modeling languages and list of simulation software.  
The market  situation, however, evolves over time. Some 
graphic modeling applications makers embed simulation 
technology into their products [13], and some simulation 
software makers include some modeling aspects in their 
products [14] – these efforts focus primarily on business 
process modeling and use BPMN as base. Some researchers 
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propose alternative approach – they work on developing a 
modeling language which is independent of simulation 
software but which is designed to build simulation model. 
This effort aims to bridge the gap presented in figure 4. One 
such a proposition is presented in [15] where notation called 
OFD (Object Flow Diagram) was introduced. 
4. New paradigm – multimodal approach 
The origins of multimodal thinking can be found in the 
definition of multimodal transport system . According to the 
Convention on International  Multimodal Transport of Goods 
[16], multimodal system of transport is defined as internally 
integrated system of carrying goods along (supply chain) with 
accompanying services provided with use of at least two 
modes of transport on the basis of a multimodal transport 
contract. The multimodal transport contract is conducted by a 
single multimodal transport operator who assumes full overall 
responsibility for the execution of the contract. In case of 
intermodal transport, also at least two modes of transport are 
involved, however its specific feature is the fact that in the 
whole freight lane only one unit load is used.  
In short, we can assume that an intermodal chain of 
deliveries is a specific kind of multimodal logistics, which is 
characterized by a unified load unit, constant in the whole 
freight line.  
In the logistics practice the most commonly used 
multimodal solutions are sea-air transport and rail-air 
transport. The multimodality in transport results from the 
development of containerization: various modes of transport 
have become more closely related due to fact that the modes 
of freight, storage and loading of unified load units had to 
become similar. The main units of multimodal transport are as 
follows : JTI container, UTI swap body, ITU semi trailer. To 
sum up, logistics multimodality is characterized by the 
following features: 
x using at least two modes of transport, 
x single freight contract, 
x one contractor responsible for the delivery of goods, 
x an all-inclusive price for the freight delivery service, 
x loading and handling of the whole load unit (e.g. container, 
transporter or means of transport). 
In the context of transportation networks, a multimodal 
network is one in which two or more types of transportation 
modes (such as walking, riding a train, or driving a car) are 
modeled. Alternatively, with utility networks, a multimodal 
network may consist of the differing transmission and 
distribution systems. [17] 
Extending this thinking can define multimodal processes as 
processes executed along the routes consisting of the routes of 
local processes [18][19]. A multilayered model of behaviors 
of a system of concurrent cyclic processes is constructed (Fig. 
5). This model will be elaborated upon in next section. 
 
Fig. 5. Multilayered model of behaviors of a system of concurrent cyclic 
processes. source: [19].  
5. Case Study 
Presented case is based on the research conducted in one 
European automotive supplier, who mass-assembles breaks 
for one of global car manufacturer (OEM). Analyzed process 
is performed in an assembly system, composed of 21 stations 
and run by 8 operators. Required tact time is 20 seconds. Fig. 
6 presents a model of the whole system created using 
simulation software FlexSim. The process flow starts from 
left side to the right with U-turn back to the right side to the 
operator at the end of the line – see arrows. 
 
 
Fig. 6. Simulation model of breaks assembling system  
The beginning of the process (Figure 6 – the section 
marked by an ellipse) is analyzed in further detail in Figure 7. 
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Fig. 7. Multimodal and local processes in analyzed system  
According to multilayered model of behaviors all objects 
(2 operators, machines and conveyor) form level 0 – the set of 
resources. The arrows denoted P1, P2, P3, P4 form level 1 – 
the level of cyclic processes. P1 is a local cyclic process of 
operator 1, P2 is local cyclic process of operator 3, P3 is a 
turn table, P4 is an automatic feeder. Red arrows m1P1, 
m2P2, m3P3 form level 2 – the level of multimodal processes. 
M1P1 is the multimodal process because this process is 
executed along the routes consisting of the routes of local 
process P1 (see three black short arrows) and local process P2 
(see black arrow). Similarly, processes m1P2 and m1P3 are 
executed along the routes consisting of the routes of local 
processes P3, P4, P2. Process m1P1 is the process of 
assembling part 1 of breaks, process m2P2 is the assembling 
process of part 2, both parts are assembled together during 
process m1P3. 
6. Conclusions 
Multimodal modeling approach to manufacturing 
processes has both some advantages and shortcoming. ON the 
positive side one can note the following: 
x Specification of local processes and multimodal processes 
(there can be many) enables to analyze every of them 
independently. It means that we can observe their 
behaviors independently  without necessity to observe 
other levels. We can specify production tact time for every 
multimodal level and cycle time for local. 
x It is clear to specify relations between levels: to evaluate 
how behaviors of multimodal processes depend on 
behaviors of local processes and vice versa how behaviors 
of local processes depend on multimodal processes. 
x Especially it is possible to find relations which illustrate 
how production tact time (multimodal processes) depends 
on cycle time of local processes. Next, how production tact 
time influences in higher levels which represents business 
processes – low-upper approach. But it is possible upper- 
low approach where we define determined multimodal 
processes behaviors and we ask for parameters of structure 
on local level which guarantee these behaviors. 
The following shortcomings of the multimodal approach 
should also be: 
x  Increased complexity of model – model redundancy, It 
means that one task is divided into some operations: local 
processes operations and multimodal process operations. 
x More possibilities to make errors/mistakes during 
modeling. 
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